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Abstract 
Command Forces with intelligent decision-making model is necessary to the simulation system with man-not-in the 
loop in order to evaluate of equipment maintenance support effectiveness, repair order need use it to generate. By 
analyzing the features of equipment maintenance in wartime, command forces of equipment maintenance support is 
researched by the method of case-based reasoning. The framework for command forces system of equipment 
maintenance support based on case-based reasoning is presented. The work process of the inference machine is 
described. The method of representation and storage of equipment maintenance case is analyzed, and the algorithm of 
retrieval and match case is analyzed too. The research is of benefit to improving the fidelity of the simulation system 
with man-not-in the loop in order to evaluate of equipment maintenance support effectiveness. 
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1. Introduction 
The simulation system with man-not-in the loop in order to evaluate of equipment maintenance 
support effectiveness, can demonstrate many times with the same scenario, in order to obtain experiment 
data which can be used to research the method of equipment maintenance support and optimize the 
equipment maintenance support system. On account of the simulation system is man-not-in the loop there 
must be an intelligent decision-making model to generate the plan, which drives the maintenance groups 
to carry out its role. So the command forces with intelligent decision-making model is absolutely 
necessarily to the simulation system. 
2. Computer Generate Command Forces 
CGF means to generate and control simulation entity in simulation battlefield environment by 
computer. Using the models which describe mankind behavior in wartime, these entities can make 
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reaction autonomously for state and the incident in simulation battlefield environment, carrying out its 
role and function in wartime. According to the difference of computer generation forces in the behavior 
automation level and the object is described. The computer generation forces can be divided into three 
layers[1] as following: a)Semi-Automated Forces; b)Intelligent Forces; c)Command Forces. 
Above three kinds of CGF, the intelligent level of Semi-Automated Forces is minimum, only need to 
control the elementary behavior of itself; Intelligent forces can autonomously carry out the control of the 
behavior of itself completely; Command forces spring up with the process of the simulation system with 
man-not-in the loop improving, command forces has to control not only the behavior of itself 
autonomously, but also the behavior of the forces of subordinate, thus the intelligent and complexity level 
is maximum. And command forces is just the most important part in the simulation system, it is not only 
to join link and the bridge of other models in simulation system, and takes crucial role for the confidence 
level of simulation result, simulation systematic adaptability as well as the simulation fidelity in 
operational process. The conclusion can be draw at present, the intelligent decision model of CGF entity 
has became a focal and difficulty point in the process of building the CGF system. 
3. Case-Base Reasoning 
Case-Based Reasoning (CBR) is a relatively recent problem solving technique that is attracting 
increasing attention based on the course of psychology cognitive of mankind. The inference course is 
lively and vivid, and the result is easy to understand and accept. The processes involved in CBR can be 
represented by a schematic cycle[2,3] (see Fig. 1(a)). CBR can be described typically as a cyclical process 
comprising the four REs: 
a) RETRIEVE the most similar case(s); 
b) REUSE the case(s) to attempt to solve the problem; 
c) REVISE the proposed solution if necessary; 
d) RETAIN the new solution as a part of a new case. 
A new problem is matched against cases in the case base and one or more similar cases are retrieved. 
A solution suggested by the matching cases is then reused and tested for success. Unless the retrieved 
case is a close match the solution will probably have to be revised producing a new case that can be 
retained. This cycle currently rarely occurs without human intervention. For example many CBR tools act 
primarily as case retrieval and reuse systems[4-6]. Case revision often being undertaken by managers of 
the case base. However, it should not be viewed as weakness of CBR that it encourages human 
collaboration in decision support. 
Fig. 1. (a)The CBR cycle; (b)The structure frame of command forces 
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4. Intelligent Decision-Making Based on CBR 
The main purpose of this paper is to establish intelligent decision system based the technology of CBR. 
At first the experience and knowledge of equipment maintenance support commanders about equipment 
maintenance support in wartime should be collected, after analyzing and coordinating this knowledge, it 
was stored in the computer in the form of case. After the simulation system starts to run, the new demand 
for maintenance support formats a new problem case. The system retrieves the case library in order to 
find whether there are similar cases or not. If there is a case similar to the problem case, then solution is 
got or after adjusted the solution is got. If there is no case similar to the problem case, then turn into the 
fuzzy reasoning. In this system CBR and fuzzy reasoning are fitted together. The combination of fuzzy 
reasoning and CBR can be divided into two ways[7]: 
a) FBR is a leading, CBR rear add. 
b) CBR as a leading, FBR post added. 
The second mode is adopted in this system. And the maintenance support plan generated from fuzzy 
reasoning was stored in the data-base as experience in the form of case. (see Fig. 1(b)) 
5. Case Representation 
Case representation is often a direct impact on the ability of CBR systems and problem solving 
efficiency.
5.1. Case Structure 
In most CBR systems, the case is described with two data element, latter, the discussion about the case 
indexs also take the two data element expression method as the foundation[8], which can be represented 
as follows:  
),( solutionproblemcase =      (1)
Two data element expression method consists of two domains: the problem field and solution field, this 
form can be used to describe the case about the field of decision support. Problem field can be used to 
describe the characteristics information and context information of the problem, it is a completely 
description of the problem feature information. Generally the problem field is divided into multiple 
attributes to describe, which can be formalized as: 
>…=< npfieldpfieldpfieldfieldproblem ,, 21    (2)
It expressed that problem field can be described with n attributes. Solution field can be used to describe the 
solution which is aimed to the problem described in problem field, which can be formalized expressed as: 
>…=< nsfieldsfieldsfieldfieldsolution ,, 21    (3)
That expressed that solution field can be described with n attributes. In essence, equipment maintenance 
support case is a set of characteristics or attributes. Though there are differences in the content about 
different equipment maintenance support case, the basic structure is usually the same. Because the 
equipment maintenance support case has its own characteristics, that is, the executor of maintenance tasks 
is a very crucial factor. Reference to two data element expression method described previously, a new data 
element is added to describe the equipment maintenance support case in this system, which can be 
formalized expressed as: 
),,( solutionexecutorproblemcase =     (4)
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5.2. Feature vector of equipment maintenance support case 
Theoretically, the method of representing case have no special limitation generally, there are many 
different forms and methods which can be used. In this system, feature vector representation method is 
used to describe case. Feature vector of equipment maintenance support case comes from the feature 
value of case, which forms a vector according to certain order after parametric processing. Before the 
equipment maintenance support CBR system works, all the feature value must be expressed as a certain 
unity or limited range of values set. f1 , f2 , f3 , …, fn is the feature set of equipment maintenance support 
case. Vi is the range of fi(i=1,2,3,…,n). v=(x1 , x2 , x3 ,…, xn) is a feature vector of equipment maintenance 
support, xi is a eigenvalue which is the index i obtained by the parameterized, which characteristic general 
performance is three types: 
a) Disorder described in words enumerated type data, such as the maintenance support area of the 
fire threat level can be divided into: "very large, large, in general, small, no "and so on.  
b) The numerical description of the specific quantitative data, such as equipment amount, 
ammunition weight, etc.; 
c) Logic, only has two conditions, such as the implementation results of the command: success or 
failure.
Now let’s study respectively the three types of features mention above. In this system, we set the range of 
features Vi(i=1,2,3,…,n) a discrete finite (the eigenvalues of the continuous values we can also be 
expressed as of discrete data by discretization). V={V1×V2×…×Vn} is a space composed of all the feature 
vector. The description of details of equipment maintenance support case is very dependent on the 
specialized knowledge involved in the equipment maintenance support case. It is deferent from specialized 
knowledge in other fields which related to the CGF system. In terms of equipment maintenance support 
case, to solve the decision-making problem is extremely complex. The important indicator need to consider 
as many as several dozen or more. The following diagram depicts a tree structure of equipment 
maintenance support cases. (see Fig. 2) 
Fig. 2. Structure of a case 
Among them, type, occasion, resources, spend time, section correspond to the problem of equipment 
maintenance support case; maintenance group corresponds to the executor of case; Outcome and utility 
correspond to the results of the case carried out, Outcome is the direct results of the case carried out, such 
as repaired successful or not, the utility is influence on the battle after the execution of maintenance, it is 
given by a commander or a tactical expert. Also a number of children items included in each sub tree. 
6. Case Retrieval 
Case retrieval is the key technology of CBR, it means that search for the most similar cases to target 
case of the new problem from the source case base. Associate retrieve strategy was adopted in this system. 
When the matching degree of two cases is larger than certain threshold value, the two can be think that 
they match each other, and the case can be reused. Associate retrieve strategy[9] corresponds with the 
nearest neighbor indexing method, which is based on the description of the problem user to submit, 
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matching each case in the case library, and choose the highest degree of similarity as the best matching 
case example. The algorithm to calculate similarity as followed: X(x1 , x2 , x3 ,…, xm) is the problem a 
user to submit，Y(y1 , y2 , y3 ,…, ym) is one of the cases, W(w1 , w2 , w3 ,…, wm) is the weights of the 
feature attributes of equipment maintenance support case, and∑wi=1.S(Xi, Yi) is the similar function 
about the feature attribute No.i of X and the feature attribute No.i of Y, S is in the range of 0-1; After the 
S(Xi, Yi) and wi is confirmed, we can know the similar level about the input problem and the case in case 
base. That is S(X, Y).
∑
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ki is the range of the feature attribute No.i.
7. Conclusion 
The equipment maintenance support intelligent command system is designed with the method of CBR 
in this paper, which has be applied in the simulation system with man-not-in the loop in order to Evaluate 
of equipment maintenance support effectiveness. the system structure, reasoning work flow, case 
representation and organization mode , the case retrieval method are introduced in this paper. The 
application in the simulation system with man-not-in the loop proves the usability and effectiveness of 
this system. But in the application process of this system the inconsistency between the reasoning results 
and the reality can still be found. How to further perfect system, and improve the intelligent level of this 
system, is the important content of research in the future. 
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